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SUlIlllRY 



ihe lateral-control characteristics of an airplane 
equipped with full-span Zap flaps and modified to accom.uo- 
date* simple circular-arc-type ailerons of tiro different 
designs were mea,sured in flight at the Ar.ies Aeronautical 
Laboratory, 

Structural and space limitations restricted the circulr.r- 
arc aileron designs to a type vrtiich resulted in large control 
forces. Thus, though the effectiveness of the tuo circular- 
a.rc-type aileron systems tested was of the same order as that 
of the" original Zap-type surfaces, the high control forces 
restricted the rate of roll with the circular-arc designs, 
A decrease in the distance from the aileron center of curvature 
to the hinge line resulted in some reduction in control forces* 
The latere.l lag characteristics of the airplane and the later a.1 
control near the stall were considered satisfactory. In 
general, the rolling velocity and control force were very low 
for sma,ll control deflections. 



INTRODUCTION 

The need for more effective high-lift devices has boomc 
increasingly great with the trend toirard higher v/ing loadings. 
The use of full-span wing flaps has ccen recognized as an 
effective solution to this prohlcm, t :t their application 
has been limited principally by the laci: of a satisfactory 
associated, lateral-control system. 



Among the lateral-control devices designed for use with 
fr.ll-3-pan fls.ps is the plu^-^-type circule.r-arc Zap aileron-. 

Ailerons of this type were installed on navy test airplane 
equipped with full-span Zap flaps, A description of this air- 
plr.i-.e €ind' results of flight tests were presented in refer- 
ence Iff These results showed that the airplane possessed the 
fol]oTjlng lateral-control cha^racteristics which ^rere unsatis- 
factory in relation to the criterions of reference 2: 

(a) A nonlinear variation of rolling effectiveness 
(max. ph/2y) and aileron control force with ls.teral control- 
sticl: movement 

(h) A a.eficiency in the niaxinuni rolling effectiveness 

(c) Excessive aileron control forces at large aileron 

deflections 

(d) Excessive stretch, friction, and inertia of the 

system 

From, wind-tunnel and flight-test investigations it 
appoo.red that a circular-arc type of aileron in combination 
with a suitable actuating lin3:a£e could be installed in the 
test airplane to provide most of the satisfactory lateral- 
control cha.ract eristics recommended in reference 2, The 
installation of ailerons most desirable from an aerodynamic 
vievrpoint would have involved a relocation of the existing 
aileron actuating torque tube and some modifications of the 
wing structure itself, and these changes were considered 
impracticable. It was believed,, hOTrcvcr, th^t valuable data 
could be obtained in flight from tests of a sim^ple circular- 
arc-type aileron directly connected to the actuating torque 
tube/ The ailerons which were installed were designed to 
give approximately the same rolling effectiveness as did the 
original plug-typo circular-arc Zap surfaces. Structural 
and space" limitations restricted the design to a type which 
would result in large control forces. Two aileron test 
installations were made, and these differed only in the 
inclination of the projecting surface with the wing upper 
surface. The lateral-control characteristics of the airplane 
equipped wa th each of the above-mentioned systems were deter- 
mined from data obtained in stalls and rudder-fixed aileron 
rolls, 

DESCRIPTION OF AIRPLANE AIID REVISED AIIZRCilS 

The major sue c if i cat ions and dimensions of the test 
airplane used in' this investigation have been presented in 
reference 1, Views of the airplane in its original condition 
are shown in figures 1 to k. 
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The tvTO eets of revised ailerons Installed in the air- 
plane, hereinafter desi(;;nated as -revised a-ilerons I and 
revised eiilerons 11^ respectively, Fire shoi-.m in detail £uid as 
installed in the vring in figures 5 'b'^ l^-s Each set of ailerons 
■./as attached directly to the aile'ron actuating torque tube the 
center line of which was thus the hinge line. The plug-typo 
circular-arc Zap ailerons, hereino.f ter referred to as the 
original ailerons, are illustrated in figures 3 12 for tlie 
purpose of comparison. 

The original differential linhage shown in figure 13 was 
used with slight raodif Ica.tions to acconnodate the direct 
connections of tlio revised eiilerons. In order to reduce the 
excessive elasticity in the control systen of revised ailerons 
II, the original actuating torque tube (used in revised 
ailerons l) T^as replaced by a tube of gree-ter cross-sectional 
Lionient of inertia. 

The hinematics of the revised and original control syGtcms 
are presented in figure l^i-. Zero aileron angle corresponds to 
the position at which tlic upper edge of the aileron was flush 
with the wing upper surface o Stlch position repro cents the 
horizontal deflection from the neutral position of the top of 
the control-stich grip (35 In. fron the stlch hinge point). 
The tern "total aileron angle" used in this report refers to 
the a.ngular deflection of the up-r.ileron (the dovT.-ailcron 
being a.erodynanilcally inof f cctivo ) , a.nd is denoted "left" 
TJhcn the left aileron is up. 

During the flight tests the average airplane weight was 
5015 pounds and the'ccnter of gravity x/as located at SSeO 
percent of the nean aerodynamic chord. 



II-STRUIiZI!TATIOI- 

NACA photographically recording instruments were Installed 
in the airplane to obtain records from which the following 
quantities were evaluated; indicated airspeed; normal acceler- 
ation; clev8.tor, aileron, and rudder angles; rolling, yawing, 
and pitching velocities; elcva.tor and aileron control forces; 
and angle of sidesllpc All records were synchronized by 
means of an i'ACA 1-second-intcrval timer. Standard airplane 
indicating instrumx-nts were used to dcterm.ine m.anifold pres- 
sure, engine speed, altitude, and frcc-air tcr-pcraturc , 

The airsDced recorder "was connected to a vancd airspeed 
head which was free to rotate in pitch and 3-aw. Tbc airspeed 
head was mounted on the forward end of a boom wiiich was located 
near the left wing tip and extended approximately one t'lng- 
chord length ahead of the wing leading edge. The sideslip- 
a.ngle rccord.er vane was m.ounted on the forward end of a boom 



wliicli c::tcnacd apxr-ro-'cimatelj^ one vjing-chorcL length ahead of 
the right iring near the wing tip. (Sco fig, 2.) 

The elevator-, aileron-, and rudder-angle recorders 
i/crc attached to the control system as close to the control 
horns as possible; thereby nininizlng the effects of control- 
syctcr.1 elasticity on the recorded values of control positions 

The combination aileron a.nd elevator control-force 
recorder *fas installed on a specially constructed control 
stick, the grip of which was in the sane location as that of 
the mrr.al stick (33 in, from the center of grip to the stick 
hinge point ) . 



TESTS 

liechanical Characteristics of Aileron 

Control Systems 

Friction .- The static friction in the lateral-control 
systems was ascertained from the records of aileron angle 
and control force obtained on the ground during several slov/ 
left and right movements of the control sticji tjirough the 
do f Ic c t i on ran g 0 . 

E lasticity .- The elasticity or stretch in the lateral- 
control systems was determined from ground m^casurcronts of 
the deflections of the left and right ailerons \fhci^ soparatcl 
subjected to various static loadings ^rith the control stick 
fixed .at the maximum left and right positions. 



Lr.teral- Control Charact eristic s 

Aileron effectiveness and control force ,- Records f^cro 
taken during r\idder-f ixed aileron rolls produced by abrupt 
left or right stick deflections to a predeterriined position 
which was held until the rolling velocity had reached a 
maximum. Four or five loft and right stick positions "re re 
employed for each of the follOL^ing' configurations : 
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Up 
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77, 94 . 


Off 
1 • 


Up 1 95 



The tests with revicea o.ilerons I irere brief, due to unsa.tiG- 
factory force characteristicn , 

AiD.eron control in pta.lla,- stalls i.'erc nado from steady 
Gtraignt f li^iit o;' cloiVly"l.i-S\- ilig the control stich reanrard 
until the stall occurred. An attenpt was nade to maintain tiie 
wings level oy means of the a.ilerons alone (rudder fixed)* 



RESULTS AITD DISCUSSION 

Ilechanical Cliaract eristics of Aileron 

Control Systens 

Frictio n.- "he friction in the lateral-control systeni; 
considered as one-half the measured difference between th.e 
left and right control force corresponding to a. r-riven aileron 
aiigle, iG shoT-ni in figure 15 for revised ailerons I and II, 
and for the original aileron systen. It is observed thc.t an 
average of 1,5 pounds of friction existed in revised ailerons I 
as compared to 7*5 pounds in the original condition, Ihiis 
reduction was due principall3^ to the elimination of the aileron 
supporting tracks and rollers of the origina.l system. 

Although the control system of I'evised ailerons II was 
essentially the sane as that of revised ailerons I, the curves 
of figure 15 (^) indicate an average frictional resistance 
of h pounds in the system. It is believed that this increase 
in friction vaa introduced into the sjrstem by the interference 
and misalincment s accompanying the installation of the 
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enlarged torque tube. 

The departure from liorisontal lines of the mean curves 
or fig-ore 15 indiCcites slight mass unbala.nce. 

The frictional charact eristics of the revised control 
systems impressed the pilots favorc'.bly and were considered 
greatly improved over those of the original system, 

Elacticity«- The stretcli in each lateral-control system 
is oresent?d~as a function of aileron control force in 
fi.--ure 16. In order to facilitate a comparison of the stretch 
characteristics of the systems, these curves are replotted 
in figarre 17 irith the stretch expressed in percent of total 
aileron angle. It is observed from figure 17 that the in- 
creased torsional stiffness of the enlarged tube for revised 
ailerons II reduced the stretch in the system appreciably,^ 
However, the elasticity i/as still considered excessive. The 
installation of an actuating torque tube uith sufficient 
stiffness ap-ocared imioractical because of the prohibitive 
size and weight. A satisfactory actuating system uhich \:o\x.^u 
em^Dlov iDush-ioull rods, cables, or a combination of both, 
couie^no doubt be designed to reduce the stretch iii tne syster: 



Lat cr al- C ont r o 1 Cliar ac t e r i s tics 

Aileron effectiveness and control force_.- The variations 
of aileron effectiveness (max. pb/2V) and aileron control ^ _ 
force i-fith total aileron rngle arc presented in figure 1 or 
rudder-fixed aileron rolls in the rated-povjcr, flaps-up 
condition of flight. Similar cui-ves for the -original contro^ 
system arc included for the purpose of cor.parison, 

T-t is difficult to make direct comparisons fron the data 
of firure l£, because of the cUffereuccs in kinematics anu 
stretch characteristics of the three lateral-control systems, 
the irregular variations of rolling velocity and conurol^ 1 orcc 
xrith control-surface angle, and the paucity of o^ta lor^ cne 
revised ailerons I. In order to give an indication of^^^^c ^ 
over-all effectiveness of the various systems, una variuoio.. 
vrith airspeed of stick deflection anc. maxir.um pc/2Y ..or a 
■^.0-pound aileron control force has been plottid in figure 
The stick loositions correspond to those for rigid control 
systems, and vrere obtained from the data of figure i^^o 
test oointG of figure 19 represent the averages of tnc yaxuc. 
for left and right rolls. It is seen that grca'cer sxic.i. _ 
deflections (considering a rigid control Gystc-i) ^-f"- ^i^C'T-^-i^c- 
for the oririnal system than for cither of tnc rcv^sca sy3i,c-..., 
and thp.t, as woulcVbe expected, the d.of lections for revised 



7 



ailerons II i/ere greater than those for revised ailerons I, 
The corresponding curves for pti/2V shou similar relations p 
From these curves it Is seen that for a 30-pound stick x'orce 
the rolling effectiveness was greatest for the original 
a.ilerons, next largest for the revised ailerons 11^ and 
smallest for the revised a.ilerons I, 

The aileron control forces for given stick deflections 
of the revised ailerons (control system assumed rigid) irere 
somexrhat larger than those of the original ailerons, due 
principr.lly to the relocation of the aileron hinge line a.nd 
the resulting longer mi-.ient arm from the hinge line to the 
resultant pressure on the aileron surfaces. This moment 
arm was shorter for revised ailerons II tha.n for revised 
ailerons I, arid the corresponding control forces were thus 
less. 

Computations of the effectiveness for given stick 
positions (rigid control system) at various ' airspeeds in- 
dicated that the values for the tliree systems v'cre of the 
sam.e order, and no consistent differences were noted. 

The results of a limited number of tests in the ratcd- 
power flaps-do\:n condition are presented in figure 20, 
Irregulcir vai^iations with ^control deflection of aileron con- 
trol force and maximum pb/2V are shoijn, and it is difficult 
to draw comparisons. It appears, a.s wr,s the case with flaps 
up, that the original aileron system was m^orc satisfactory" 
than the revised ailerons and that the rolling characteristics 
of revised a,ilerons II were superior to those of revised 
ailerons I, 

It is noted that the va.lucs of both effectiveness and 
control force were low in the small-deflection range. This 
"flat'^ portion near neutral Is iprcsuxiably due to v.-ing boundary- 
layer effects e 

Lag chg.ra c t eri stics,- Time histories of typical ruddcr-.- 
fixed aileron rolls, an sho::n in figur.^c 21, indicr.ts th^.t with 
flaps cither up or down the delay in rolling notion following 
a stick m-ovcment was satisfactorily small for all three a,ileron 
systems, indicating that the chordwisc location of the ailerons 
W8.S sufficiently rea.rward (reference 3)0 

Aileron control in stalls .- Curves arc presented in 
figure 22 which show tha.t adeciuate control near the stall was 
possible with revised ailerons II and undoubtedly Trould have 
been possible with revised ailerons I, Pilots' impressions 
of the aileron effectiveness near the stalls i.crc favorable. 
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P roposed I npi^ovecL deslF^n ,- The developnent of a satis- 
fa.otory circular-arc aileron for the test airplane xrould 
reciuire at least the relocation of the liinge line at a point 
clo're to the rear spar and the upper surface of the v/ing to 
pcrr.-.it the extension of sufficient aileron surface for the 
develo-oneiit of adequate rolling moment g , A possible arrange- 
ment of surfaces in T-Jhicli the center of curvature is coinci- 
dent -Tith the hinge lir.e is shown in figure 23. This design 
vrould have less friction than did the original ailerons. 
On the basis of the v;ind-tunnel and flight-test investigations 
reported in references 3, and o, zero aileron hinge uo-ents 
T/ould be expected from the curved surf;,ce. Therefore, an 
up-^,er i.ilate is incorporated to provide sufficient control^ 
force for "feel" and" self-centering characteristics. It is 
believed that t::i3 type of design v;ould produce rolling 
clicaracteristiCG satisfying the nininun rcquirericnt of a 
pb/2V of 0,07 i:ith a 30-pound control force at ^airspeeds up 
to 0,0 maximum level-flight speed (reference 2), It is 
oossible, hovcvcr, that the variation of control force uit.i^ 
aileron angle i:ould not be linear and the rolling moments at 
small deflections might be lor, i;c;an3 ^.-ould have to De found 
for eliminating these undesirable effects before the control 
could be regarded as entirely satisfactory. 



CONCLUSIOIIS V 

The folloiring conclusions can be dravn from the flight 
tests results presented herein for the test airplane equipped 
with simple circular-arc-typc ailerons of t-.:o different dc signs i 

1, The rolling effectiveness of both sets of revised 
(sir-olc circular arc) ailerons i:as of thxc same order as tni'.t 
of tile original plug-type circular-arc ailerons. 

2, The aileron control forces irith the revised ailerons 
were considerably greater than thore ^:ith the original sur- 
faces anf; as anticipated, the forces i;ith the revised 
ailerons vrcvo a function of the distance from the aileron 
center of curvature to the hinge line, 

3, The lateral-control lag characteristics c::hibitcd by 
the airplane :rhile equipped with the revised ailerons Trcrc 
not objectionable, 

^!-, The revised ailcr'^ns rcre caoable of controlling the 
rolling tendencies of the airplane near the stall, 

5, The use of aileron actuating tor -que t\-.bes aj_ong^ti:e 
entire iring span appears to be impracticable because of tne 
excessive size required to provide adequate stiffness. 
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6, It is probable that the best design of a clrcular- 
arc-tj-pe ailc'on system xvhich tvoulcl provide sufficient rolliii 
effectiveness without requiring c::cessivc control forces 
sliould have the center of ciii'vaturc coincident with the hinQ:c 
line, and should have the hinge lino located near or above 
the surface of the wing. 



.."lines Aeronautical Laboratory, 

Ilo.tional Advisory Committee for Aeronautics,^ 

iloffctt Field, Calif., Scptombcr 22, 19^14, 
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Figure Left wing with flaps and ailerons fully extended. 
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(a) Front view 




(b ) Rear view 

Figure 6,- Left v/lng with revlfled ailerons I fully deflected. 
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(b) Rear view 

Figure 10,- Left wing with revised 
ailerons II fully deflected. 



Figure 11»- Top view of left wing with revised 
ailerons II in neutral position with 
cover plates open* 
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(a) Control stick neutral. 




(b) Control stick full left. 



Figure 13. 



- Original differential linkage in fuselage. 
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